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Abstract
Recent work suggests that dichoptic lateral interactions occur in the region of the visual field of one eye that corresponds to
the physiological blind spot in the other eye (Tripathy, S. P., & Levi, D. M. (1994). The two-dimensional shape of spatial
interaction zones in the parafovea. Vision Research, 34, 1127–1138.) Here we ask whether dichoptic lateral interactions occur in
the region of the visual field of one eye that corresponds to a pathological blind spot, a retinal coloboma in the other eye. To
address this question we had the observer report the orientation of a letter ‘T’ presented within this region in the presence of
flanking ‘T’s presented to the other eye around the coloboma. A large drop in performance was seen due to the flanks, showing
the existence of dichoptic lateral interactions in this monocular region. The presence of these dichoptic interactions in a region
lacking direct retinal afferents from one eye is consistent with the proposition that long-range horizontal connections of the
primary visual cortex mediate these interactions. © 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction
The detection and discrimination of visual targets in
humans are strongly influenced by the presence of
additional stimuli in the vicinity of the target (Flom,
Heath & Takahashi, 1963; Flom, Weymouth & Kahne-
man, 1963; Bouma, 1970; Andriessen & Bouma, 1976;
Breitmeyer, 1984; Flom, 1991). These influences have
been termed crowding effects, spatial interactions, con-
tour interactions or lateral interactions. These interac-
tions can be facilitatory, as has been shown for Gabor
targets in the presence of other Gabors at the appropri-
ate spatial frequency and separation (Polat & Sagi,
1993, 1994) or inhibitory as has been shown for letter
targets in the presence of other letters (Toet & Levi,
1992; Kooi, Toet, Tripathy & Levi, 1994). In addition,
some of these interactions can be observed dichopti-
cally, i.e. when the test is presented to one eye and the
additional stimuli are presented in the vicinity of the
corresponding region in the other eye, pointing to a
cortical origin for these interactions (Flom, Heath &
Takahashi, 1963).
One paradigm for studying lateral interactions has
the observer performing a discrimination task on a
briefly presented test letter in the presence of simulta-
neously presented flanking letters. This paradigm has
very effectively enhanced our understanding of lateral
interactions. For example, it has been shown that the
ability of a human observer to identify the orientation
of a test letter ‘T’ presented in peripheral vision falls off
when flanking ‘T’s are simultaneously presented in the
vicinity of the test (Toet & Levi, 1992). Identification is
hindered when the test-to-flanks separation falls below
roughly half the target eccentricity (Bouma, 1970; Toet
& Levi, 1992). The performance is similar whether the
flanking ‘T’s are presented monocularly, to the same
eye as the test or dichoptically, to a similar location in
the contralateral eye (Kooi et al., 1994). Interestingly,
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even when the flanking ‘T’s are presented around the
physiological blind spot of one eye and the test is
presented to the contralateral eye within the blind spot
matching region (a retinal region with no photorecep-
tors), identification of the test is hindered (Tripathy &
Levi, 1994). This finding is surprising because tradition-
ally, the cortical representation of the blind spot was
thought to be strictly monocular (Tripathy & Levi,
1994). The observed dichoptic interactions are most
likely to be cortical in origin and suggest that the lateral
connections in the corresponding part of cortex have a
representation of the stimulus around the blind spot
and the cortical representation of the blind spot is not
strictly monocular. This last paradigm of measuring
dichoptic lateral interactions in monocular parts of the
visual field provides a useful means for probing the
binocularity of cortical connections in regions of the
visual field where the brain receives input predomi-
nantly from one eye. A similar paradigm has been used
to show that a moving grating presented around the
blind spot of one eye can induce a motion after-effect in
a stationary grating presented subsequently to the other
eye, within the blind spot matching region (Murakami,
1995).
A question that naturally arises is: can the dichoptic
lateral interactions observed at the physiological blind
spot also occur with pathological retinal scotomas?
Based on the cortical extent of the dichoptic lateral
interactions observed at the blind spot, we proposed
that the interactions are mediated by long-range hori-
zontal connections between pyramidal cells in primary
visual cortex (Tripathy & Levi, 1994; see Gilbert, 1992)
for review of horizontal connections and lateral interac-
tions). If these long-range connections mediate the di-
choptic interactions then similar dichoptic interactions
could occur with pathological retinal scotomas as well.
If dichoptic interactions do not occur at pathological
retinal scotomas, the likely implication is that the corti-
cal representation of the physiological blind spot is
unique. We expected dichoptic lateral interactions at
the pathological retinal scotoma because of its similari-
ties with the physiological blind spots, namely, the
photoreceptors within each of these scotomas are either
non-existent or damaged, and just as with the physio-
logical blind spots, observers with pathological retinal
scotomas perceive their scotomas as filled-in with the
background (Craik, 1966; Gerrits & Timmerman,
1969).
We measured dichoptic interactions in an observer
with a pathological monocular retinal scotoma using a
variation of the above paradigm at the blind spot. The
flanks were presented around the observer’s pathologi-
cal scotoma and the target was presented to the match-
ing region of the other eye. We found convincing
evidence of dichoptic lateral interactions at the patho-
logical scotoma, showing clearly that the physiological
blind spot is not unique in this respect, and suggesting
that dichoptic lateral interactions can occur with patho-
logical retinal scotomas as well.
2. Methods
2.1. Obser6ers
Two observers participated in the experiment. Ob-
server JW has a retinal coloboma roughly 8° in radius,
centred at about 25° eccentricity in the upper temporal
visual field of her left eye (Fig. 1). Colobomas are
congenital abnormalities wherein a portion of the struc-
ture of the eye is lacking (Duke-Elder, 1944)—in this
case the abnormalities involve the retina and choroid.
For observer JW, there is complete loss of vision in the
affected region of her left eye. JW is normally not
aware of her scotoma which is perceived as filled-in or
completed, in spite of being several times the size of the
physiological blind spot. The scotoma does not hinder
JW in her daily activities, which includes driving. JW’s
right eye has no known visual abnormalities and her
visual acuity is 20:20 in each eye.
Author ST served as the control observer. ST has
corrected to normal visual acuity in each eye with no
known visual abnormalities. Extensive testing has been
done in normal peripheral vision using this paradigm
and since ST’s results were similar to those obtained
previously (Toet & Levi, 1992; Kooi et al., 1994), we
did not test additional normal observers.
2.2. Apparatus
The stimuli were generated by a Vision Research
Graphics board housed in a personal computer with a
Intel-486 processor. They were displayed on a US Pixel
monitor screen which used a green (P31) phosphor and
had 1024 (H)512 (V) pixels. Screen size was 31.5
20.7 cm, roughly subtending 3827° at a viewing
distance of 40 cm.
In all experiments the observers wore liquid-crystal
(LC) shutter lenses in front of each eye. Each lens could
be independently controlled by the computer and could
be made either opaque or transparent by sending ap-
propriate signals. The lenses were synchronised to the
frame rate of the screen so that one eye viewed odd-
numbered frames while the other viewed even-num-
bered frames. By displaying one image on odd-
numbered frames and another on even-numbered
frames we could present the observer with dichoptic
stimuli. This process halved the effective (monocular)
frame rate from 120 to 60 Hz. The field of view of the
lenses was roughly 2727° and this restricted the
useable area of the screen.
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Fig. 1. Fundus photograph of JW’s left eye. The dark region in the upper right is the fovea. The optic disk is seen to the upper left. The coloboma
is seen as a bright yellow circular patch in the lower left.
The experiment was conducted in a dark room except
for illumination from the computer screen, which had
stimuli presented on a background luminance of 0.1
cd:m2. To stabilise the head we used chin and forehead
rests.
2.3. Experimental procedure
Observers viewed the computer screen which dis-
played horizontal and vertical nonius lines (64 arcmin
long) radiating from a fixation square (21 arcmin)
presented to both eyes. The luminance of the square
and nonius lines was 150 cd:m2. To further assist
binocular fusion, each eye was presented with an identi-
cal grid of horizontal and vertical lines spaced 127
arcmin apart and having a luminance of 37 cd:m2.
Observers initiated trials only when the nonius lines
were aligned and the grids in the two eyes were per-
fectly fused.
2.3.1. Plotting the scotoma
We mapped JW’s pathological scotoma onto the
monitor screen to the spatial limit permitted by the LC
lenses. During the plotting process JW was seated with
her chin in the chin-rest and binocularly viewed the
fusion set-up described above. The scotoma was plotted
using a letter ‘T’ flashed for 50 ms to the left eye only.
The ‘T’ was presented at the lattice points of a virtual
grid extending 22° to the left of fixation and 25° above
fixation, grid-separation being 60 arcmin in the hori-
zontal and vertical directions. Each lattice point was
tested four times. The ‘T’ had a luminance of 150 cd:m2
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Fig. 2. Plot of the mapped part of JW’s scotoma resulting from a coloboma. In (a) the density of hatching within each cell indicates, for the four
presentations of the test ‘T’ at the centre of that cell, what proportion were missed by JW. In (b) is plotted the extent of the mapped part of JW’s
scotoma using the criterion that any cell for which the test ‘T’ was missed on three or more of the four presentations lay within the scotoma. Also
seen is the top-most tip of JW’s physiological blind spot.
and consisted of two rectangular bars, each with dimen-
sions 5311 arcmin, positioned such that the ‘T’ had a
height and width of 53 arcmin and was presented in
one-of-four cardinal orientations. The technique used
here is similar to that used earlier to map the physiolog-
ical blindspot (Tripathy & Levi, 1994; Tripathy, Levi,
Ogmen & Harden, 1995).
Fig. 2 shows the part of JW’s scotoma that was
mapped onto the monitor’s screen. Fig. 2(a) uses hatch-
ing density to code the number of presentations of the
‘T’ that were missed at each lattice-point. The few ‘T’s
seen when presented within the scotoma clearly indi-
cates the stability of JW’s fixation. We adopted the
criterion that lattice points at which the ‘T’ was missed
on three or more presentations out of the four trials
were within JW’s scotoma. Based on this criterion, Fig.
2(b) shows the plotted extent of JW’s scotoma, extend-
ing at least 16 and 13° in the horizontal and vertical
directions, respectively.
2.3.2. Measuring lateral interactions
Our methods were similar to those we used to mea-
sure lateral interactions at the physiological blind spot
(Tripathy & Levi, 1994). The dichoptic stimulus used
for testing JW in the main condition is shown in Fig. 3,
with the left and right eye stimuli shown separately.
The shaded region is JW’s scotoma and was not part of
the stimulus, nor was the corresponding region shown
in outline in the right eye. The arcs indicating retinal
eccentricity were also not part of the stimulus. Also
shown are the fixation spot and the nonius lines, but
not the fusion grid. The stimulus consisted of the test
‘T’ presented to the right eye and three flanking ‘T’s
presented simultaneously to the left eye, all ‘T’s being
presented for 300 ms in one of the four cardinal orien-
tations. Each ‘T’ had a width and height of 159 arcmin,
a luminance of 118 cd:m2, and was constructed from
two bars of dimensions 15932 arcmin. The test was
presented centred at a location such that the corre-
sponding location in the left eye was well within JW’s
scotoma. In one condition the test was centred 13° left
and 21° above fixation [retinal eccentricity (E)24.7°],
as shown in the figure. In another it was centred 11° left
and 19° above fixation (E22.0°). The flanks were
always presented along an arc having its centre at the
point that corresponded to the centre of the target in
the other eye. The radius of the arc, i.e. the flank-sepa-
ration, varied between 4 and 12°. One flanking ‘T’ was
centred directly to the right of the point that corre-
sponded to the centre of the test, one directly below
and the third midway along the arc joining the other
two ‘T’s. The six different flank-separations were ran-
domly interleaved as were unflanked trials.
As a control the test and the flanks were presented to
the right eye, i.e. the stimulus was presented monocu-
larly, though binocular fusion was maintained as be-
fore. This control condition was actually interleaved
with the main condition, so that the test was always
presented to the right eye and the flanks were presented
to either left or right eye. On each trial the observer
reported the perceived orientation of the test ‘T’ and we
recorded the proportion of correct responses at differ-
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Fig. 3. Schematic of stimulus for observer JW in the dichoptic experimental condition. The stimuli to the left and right eye are shown at left and
right, respectively. The scotoma in the left eye (shaded) and the corresponding region in the right eye (outlined) were not part of the stimuli, nor
were the arcs indicating retinal eccentricity. The fixation square and nonius lines are shown, but the fusion grid present in the background is not.
In the condition shown the test was centred 13 and 21° to the left and above fixation, respectively and the flanks are shown at 8° flank separation,
for which maximum interaction was observed. Tests were also conducted with the target shifted 2° lower and to the right. In the monocular
experimental condition the target and the flanks were both presented to the right eye. The stimulus was identical for ST, except the scotoma was
not present.
ent flank separations for the dichoptic and monocular
conditions and for the unflanked stimuli.
Each block of 280 trials, consisted of 40 unflanked
trials and 120 each of monocular and dichoptic flanked
trials. The 120 trials consisted of 20 trials at each of the
six flank-separations. The unflanked trials and the
flanked trials and the two conditions were randomly
interleaved within the block. JW practised until perfor-
mance stabilised, following which she ran four addi-
tional blocks for each of the two positions of the test
stimulus.
Control data were obtained for observer ST under
identical conditions, the stimuli being placed at identi-
cal spatial positions as with JW above. The only differ-
ence was where JW had a coloboma in one eye, ST had
functional vision in both eyes. For ST the test was
located 13° to the left of fixation and 21° above fixation
(E24.7°).
2.3.3. Measuring the effects of leakage in the lenses
LC lenses are far from ideal for isolating the inputs
to the two eyes when presenting dichoptic stimuli.
Leakage resulting from inadequate filtering of the
flanks by the lens covering the right eye could account
for some of the interactions seen in the dichoptic condi-
tion. To estimate the consequences of leakage we per-
formed a control experiment where the monocular and
dichoptic stimuli were interleaved and presented
through the two lenses as before, but under the lens
covering the left eye the observer (ST) wore an eye-
patch in order to gauge whether leakage of the flanks
influenced performance. On the dichoptic trials the
flanks were not seen directly; only the flux leaking
through the right lens was seen by ST. If leakage were
a significant problem then the flanks should interfere
with the test, in spite of the eye-patch covering ST’s left
eye. Again the test was located 13° left of fixation and
21° above fixation.
3. Results
First we present the results obtained for the control
observer ST followed by those for JW.
3.1. Lateral interactions in the normal obser6er
Fig. 4 shows ST’s results, with the percentage of
correct responses plotted as a function of the target-to-
flank separation. Fig. 4(a) shows the data when ST had
both eyes uncovered for the monocular (open symbols)
and the dichoptic (filled symbols) conditions. The grey
shaded region shows the unflanked performance9one
standard error. The monocular and dichoptic data are
very similar as has been shown before (Kooi et al.,
1994). Also it is obvious that the flanks interfere
severely with the identification of the test, with the
percentage of correct responses going down from 95%
for the unflanked test to about 45% when the target-to-
flank separation is between 4 and 6°. These results are
qualitatively similar to those obtained previously at 10°
eccentricity in the lower periphery (Kooi et al., 1994).
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The rising dashed lines are cumulative normal fits to
the data with the lower and upper asymptotes held
fixed at 25% and the unflanked performance, respec-
tively (Tripathy & Levi, 1994).
Fig. 4(b) shows the data when ST’s left eye was
patched, under the LC lens. Again the monocular and
‘dichoptic’ condition are shown as open and filled
symbols. The monocular data is similar to that in Fig.
4(a) with the exception that the performance at the
smallest two separations is somewhat poorer. However,
in the ‘dichoptic’ condition there is almost no interfer-
ence from the flanks, indicating that leakage from the
LC lenses is negligible.
3.2. Lateral interactions in the obser6er with a scotoma
JW showed a large drop in performance due to the
flanks, providing evidence for the existence of dichoptic
lateral interactions in the region of her pathological
scotoma (Fig. 5). As before monocular (open symbols)
and dichoptic (filled symbols) data are shown, as well
as the unflanked performance (shaded region). Fits are
shown for the monocular data; the data for the dichop-
tic condition were not sufficient for estimating reliable
fits since the flanks were totally outside the scotoma for
only three of the flank-separations used. For Fig. 5(a)
the test was further from the edge of the scotoma, for
Fig. 5(b) the test was closer. When the flanks were
presented dichoptically outside the scotoma the perfor-
mance was similar to the monocular performance.
When the flanks were presented dichoptically either
inside or partially inside the scotoma, they were less
effective than when presented monocularly. In the di-
choptic conditions the maximum interference is seen
when the flanks are 8° away from the test in (a) and 6°
away in (b), i.e. when all the flanks are just outside the
scotoma. In both cases the percentage of correct re-
sponses drops to about 50% from the unflanked perfor-
mance of 85% showing clear evidence of dichoptic
lateral interactions at the pathological retinal scotoma.
4. Discussion
In Section 1 we raised the issue of whether dichoptic
lateral interactions were possible in the part of the
visual field of one eye that corresponded to a patholog-
ical retinal scotoma in the other eye. We looked for
dichoptic lateral interactions at a pathological retinal
scotoma in observer JW who had a coloboma in the left
eye. We found convincing evidence of these interac-
tions, suggesting that as with the physiological blind
spot (Tripathy & Levi, 1994) dichoptic lateral interac-
tions can be demonstrated at a pathological retinal
scotoma. In addition, as can be seen in Fig. 5, the
dichoptic interactions are almost identical to those mea-
sured monocularly, as long as the dichoptic flanks are
presented outside the scotomatous area. Moreover,
when the dichoptic flanks are visible the interactions
are qualitatively similar to those in the normal
periphery.
Important anatomical differences could exist between
how physiological blind spots and pathological retinal
Fig. 4. Results for the normal observer. The percentage of correct
responses is plotted as a function of target-to-flank separation for
observer ST. The test was presented 13° to the left of fixation and 21°
above fixation (retinal eccentricity24.7°). Data are shown for the
condition when test and flanks are presented to the same eye (monoc-
ular, open symbols) or to opposite eyes (dichoptic, filled symbols).
The shaded region represents the unflanked performance 91 S.E.
The dashed lines are cumulative normal fits to the data. Data are
shown with both eyes open (a) and with the left eye patched (b). With
the left eye patched the flanks could not be seen when presented
dichoptically and the filled symbols show the negligible interaction
between test and flanks as a result of leakage through the right lens.
The horizontal dashed line represents a drop from unflanked perfor-
mance by a factor of 1:e of the difference between unflanked perfor-
mance and chance performance (25%). Data lying below this line
indicate significant interaction from the flanks (see Section 4).
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Fig. 5. Results for the observer with a pathological scotoma. The
percentage of correct responses is plotted as a function of target-to-
flank separation for observer JW. For the data in (a) the test was
presented 13° to the left of fixation and 21° above fixation (retinal
eccentricity24.7°) and for (b) the test was presented 11° to the left
of fixation and 19° above fixation (retinal eccentricity22.0°). Data
are shown for the condition when test and flanks are presented to the
same eye (monocular, open symbols) or to opposite eyes (dichoptic,
filled symbols). As before the shaded region and the horizontal line
indicate the unflanked performance and the extent of the interaction,
respectively. For the monocular condition the maximum interference
is seen at the smallest flank separation and for the dichoptic condition
the maximum interference is seen when the flanks are just outside the
scotoma.
laser photocoagulation or, more drastically, when one
eye is enucleated.
At the level of the lateral geniculate nucleus (LGN),
the projection of the blind spot does not intersect any
of the layers representing the contralateral eye (Kaas,
Guillery & Allman, 1973; Malpeli & Baker, 1975). Thus
the physiological blind spot is not represented at the
level of the LGN. Alternatively, one could think of the
physiological blind spot as being represented as a cell
free region. If lesions are induced in cat retina, cells in
the LGN that previously had receptive fields close to
the edge of the lesioned region experience shifts in
receptive fields by as much as 5° (Eysel, Gonzalez-
Aguilar & Mayer, 1980; Eysel Gonzalez-Aguilar &
Mayer, 1981). With complete monocular deafferenta-
tion using photocoagulation, cells within the geniculate
layers representing the contralateral eye change their
response properties; the deafferentated cells increase
their efficiency to their remaining (non-retinal) inputs
(Eysel, 1979). With monocular enucleation, transneu-
ronal atrophy reduces the cross-sectional area of the
affected geniculate cells by 25% (Cook, Walker & Barr,
1951). However, none of these manipulations produces
a cell-free region like that seen where the projection of
the blind spot intersects the contralateral layers.
At the level of the primary visual cortex in primates,
2-deoxyglucose experiments in monkeys show that the
physiological blind spot is represented as a region with-
out any ocular dominance (OD) columns representing
the contralateral eye (Kennedy, Des Rosiers, Jehle,
Reivich, Sharpe & Sokoloff, 1975; Kennedy, Des
Rosiers, Sakurada, Shinohara, Reivich, Jehle &
Sokoloff, 1976; Horton, 1984; Levay, Connolly, Houde
& Van Essen, 1985). In primates, OD columns exist at
birth (Horton & Hocking, 1996), and their width can be
manipulated by monocular deprivation (LeVay, Wiesel
& Hubel, 1980). When retinal lesions are induced in
adult mammalian retina, cells within the corresponding
region in primary visual cortex undergo shifts in the
position of their receptive fields (Kaas, Krubitzer,
Chino, Langston, Polley & Blair, 1990; Gilbert &
Wiesel, 1992). Here again, none of these manipulations
produces a region of primary visual cortex that is free
of OD columns from one eye. However, these potential
differences between physiological and pathological sco-
tomas seem to make no difference to the lateral interac-
tions observed. We see no qualitative difference
between the dichoptic lateral interactions at the physio-
logical blind spot presented previously (Tripathy &
Levi, 1994) and those seen here at JW’s pathological
scotoma.
Estimates of the cortical extents of the lateral interac-
tions could provide hints as to the origins of these
interactions. We define the spatial extent of the interac-
tion to be the flank-separation at which performance
falls below the unflanked performance by a factor (1:e)
of the difference between unflanked performance and
blind spots are represented in the brain. We are not
aware of any anatomical or physiological studies that
have looked at the brain’s representation of naturally
occurring pathological retinal scotomas such as a
coloboma. However, studies of blind spot organisation
can be compared with those looking at reorganisation
in the mammalian brain either at the geniculate or the
cortical level when retinal scotomas are induced using
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chance performance (25%)—this performance level is
indicated by horizontal dashed lines in Figs. 4 and 5
and the extent of the interaction is given by the abscissa
value of the intersection of this line with the cumulative
normal fits to the data. From the fits to the data of Fig.
4, the spatial extent of ST’s interactions extend to
approximately 7.6° (7.75 monocular and 7.5 dichoptic)
at a retinal eccentricity of 24.7°. From Fig. 5 the
corresponding extents for JW’s monocular interactions
at retinal eccentricities of 24.7 and 22° were 10.15 and
8.25°, respectively. Although we were unable to quanti-
tatively fit JW’s dichoptic data, her corresponding di-
choptic interactions extend to at least 12 and 10°,
respectively.
Recent studies have estimated the human cortical
magnification, based on migraine phosphenes (Grusser,
1995), and functional imaging (Horton & Hoyt, 1991;
Engel, Rumelhart, Wandell, Lee, Glover, Chichlinsky
& Shadlen, 1994; Sereno, McDonald & Allman, 1994;
Sereno, Dale, Reppas, Kwong, Belliveau, Brady et al.,
1995). A quantitative re-analysis (Beard, Levi & Klein,
1997) of the human cortical magnification factor based
on the above functional magnetic resonance imaging
data suggests that at eccentricities comparable to those
used in our study, a spatial extent of 0.05 times the
eccentricity is roughly equivalent to a cortical extent of
1 mm. Thus, the approximate 7.6° extent of ST’s spatial
interaction (at 24.7° eccentricity) corresponds to a corti-
cal distance of about 6.2 mm (7.6:[24.70.05]). To our
knowledge, there has not been an accurate estimate of
the extent of lateral connections in human cortex, but it
seems reasonable that these connections may mediate
the monocular and dichoptic lateral interactions ob-
served in normal observer ST, and may also underlie
the dichoptic (and monocular) lateral interactions ob-
served at the pathological blind spot. The spatial ex-
tents of more than 12° seen for JW’s dichoptic data at
24.7° would amount to extents of more than 9.7 mm in
human cortex. These estimated cortical extents are
larger than the largest horizontal connections (6–8
mm) reported in cat and monkey primary visual cortex
and may reflect altered cortical connectivity at the
pathological scotoma.
Issues related to filling-in and completion around
scotomas have produced interesting debates within the
vision community (Durgin, Tripathy & Levi, 1995;
Ramachandran, 1995; Pessoa, Thompson & Noe,
1998). Could the mechanisms producing the lateral
interactions at the physiological blind spot and at
pathological blind spots be responsible for completion
phenomena also at such scotomas? In the case of JW,
filling-in seems to occur all the way across the scotoma,
whereas the dichoptic interactions described here fall
off with distance from the edge of the scotoma and
appear to be limited by the extent of the horizontal
connections in primary visual cortex. While there might
be some overlap of the mechanisms used by these two
phenomena, it is likely that they involve fairly indepen-
dent mechanisms.
The scotoma in observer JW’s left eye resulted from
a coloboma, a congenital abnormality which was
present at birth and throughout development. The vi-
sual system may have developed special strategies for
dealing with this abnormality; the cortical organisation
of the coloboma may be different from that of a
pathological retinal lesion that occurs in adulthood. It
would be interesting to compare dichoptic interactions
at retinal lesions occurring early in life with those
occurring late in life. However, such a study is beyond
the scope of this paper.
While the long-range horizontal connections in pri-
mary visual cortex might mediate these lateral interac-
tions at the physiological blind spot (Tripathy & Levi,
1994), our experiments do not preclude the effects of
either feedback connections from higher visual areas
onto the primary visual cortex, or centrifugal signals
headed towards the retina. For example, contour inter-
actions could arise at a higher level in the cortex (He,
Cavanagh & Intriligator, 1996) with a different magnifi-
cation factor. However, the horizontal connections in
primary visual cortex provide a plausible and parsimo-
nious mechanism for these interactions. Now we find
strong dichoptic lateral interactions at a pathological
retinal scotoma and it is likely that these too are
mediated by the horizontal connections in primary
visual cortex.
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